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: (57) Abstract: This invention relates to a self-forming ortho- 
• :* ^ pedic implant (10; 40; 60A/B, 100, 140, 200, 250; 280 and ' ■ 

330). The implant is formed a shape memory polymer. The 
" .implant can be provided in an original configuration selected to "' 

facilit . ortht f die tKdL i,' oil f i t t fixat >n > b > e 
."fragments and fractures, or selected to induce bone structures 
. to conform to a desired anatomical configuration. Non-limit- 
ing examples of preferred configurations include bone spacers 
or bone plates, connective tissue replacements (i.e., tendons, 
, ligaments, and/or cartilage). In preferred forms, the implant is 
deformed to an alternative configuration prior to implantation. 
Upon application of selected stimuli, for example, heating the 
implant to a temperature where the shape memory polymeric 
materia] becomes elastic induces the implant to revert to its 
original configuration. In use, when the implant is subjected 
to the selected stimuli, it conforms to a selected bone tissue 
or alternatively conforms to a configuration that urgers bone 
structures into a desired alignment and/or configuration. When 
used to replace connective tissues, the implant exhibits a ten- 
sile strengh to allow the adjacent bone structure to articulate, 
yet provides sufficient force to urge the bone st 
desired position and alignment. 
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AMENDED CLAIMS 

[received by the International Bureau on 27 September 2002 (27.09.02); 
original claims 1-88 replaced by new claims 1-80 (9 pages)] 



1 . An orthopedic implant for a bone structure, said implant comprising a 
deformable body defining a spinal spacer for implantation between adjacent vertebrae and 
5 formed of a shape memory polymeric material, said body provided in a first configuration 
and capable of deforming to a second configuration upon application of selected stimuli, 
wherein said second conformation at least a portion of said body matingly conforms to a 
portion of the bone structure. 

10 2. The implant of claim 1 wherein the body in the first configuration has a first 

external volume and in the second configuration has a second external volume greater than 
the first external volume. 

3. The implant of claim 1 wherein the body in the first configuration has a first 
15 external volume and the. body in the second configuration has a second external volume less 

than the first external volume. v ^ f 

4. The implant of claim 1 wherein the body includes an internal cavity for receipt 
of an osteogenic material. 

20 

'5. ' The "implant of claim lwherein the body defines a flexible connecting 
member between two or more adjacent bone portions. 

6. The implant of claim 1 wherein said body is provided in an original 
25 configuration. 

7. The implant of claim 6 wherein said second confirmation is substantially 
equivalent to said original configuration. 

30 8. The implant of claim 1 wherein the body deforms to said second configuration 

upon implantation. 
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9. The implant of claim 1 wherein said body in said second configuration 
promotes fixation of two or more bone portions. 

10. The implant of claim 1 wherein said body contacts two or more adjacent bone 
5 portions and in said second configuration permits articulation between the two or more 

adjacent bone portions. 

1 1 . The implant of claim 1 wherein said body in said first configuration is secured 
to one or more bone portions prior to deforming to the second configuration. 

10 '" " 

- ■ - ■ • , . , , .... 

12. The implant of claim 1 wherein the bone structure includes a cavity and said 

second configuration matingly conforms to the cavity in the bone structure. 



13. The implant of claim 1 wherein the shape memory polymeric material is 

15 elastic at a deformation temperature and said selected stimuli includes heating thebodytoa 
temperature equal or greater than the deformation temperature. 

14. The implant of claim 13 wherein the deformation temperature is between 
about 38° C and about 65° C. 

20 • "■ ' •"' 

15. The implant of claim 15 wherein the deformation temperature is between 
about ambient temperature and 65° C. 

1 6. The implant of claim 1 wherein the shaped memory polymeric material is 
25 biodegradable. 

17. The implant of claim 1 wherein the shaped memory polymeric material is non- 
biodegradable. 

30 18. The implant of claim 1 wherein the shaped memory polymeric material is 

selected from the group consisting of: polylactide, polyglycolide, poly(lactide-co-glycolide), 
polyurethane, poly(ethylene-co-vinyl acetate), poly(ethylene-co-propylene), poly(ethylene- 
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co-propylene-co-diene), poly(e-caprolactone), poly(P-hydroxybutyrate), poly(P- 
hydroxybutyrate-co-hydroxyvalerate), poly(methacrylate), poly(methyl methylacrylate), 
poly(acrylate), and mixtures, copolymers and blends thereof. 

19. An orthopedic implant for two or more adjacent bone portions said implant 
comprising a body formed of a material comprising a biodegradable shape memory polymer, 
said body provided in a first configuration and adapted to bear against at least one of said 
adjacent bone portions, wherein said body deforms upon application of selected stimuli to a 
second configuration to apply a force to said adjacent bone portions. 

20. The implant of claim 19 wherein said force is a compressive force on the 
adjacent bone portions. 



21. The implant of claim 19 wherein said body exhibits a desired tensile strength 
to replace a tendon or ligament for said two or more adjacent bone portions. 

22. The implant of claim 19 wherein the implant includes a bone plate. 

23. The implant of claim 19 wherein the body defines a bone spacer. 

24. The implant of claim 19 wherein the body defines a flexible connective 
member between the adjacent bone portions. 

25. The implant of claim 19 wherein the body comprises a cavity for receipt of an 
osteogenic material. 

26. The implant of claim 19 wherein said body in said second configuration 
promotes fixation of the adjacent bone portions. 

27. The implant of claim 19 wherein said body permits articulation between 
adjacent bone portions. 
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28. The implant of claim 19 wherein the shape memory polymer is elastic at a 
deformation temperature and said selected stimuli includes heating the body to a temperature 
equal to or greater than the deformation temperature. 

29. The implant of claim 1 9 wherein the deformation temperature is between 
about 38° C and about 65° C. 

30. The implant of claim 19 wherein the deformation temperature is between 
about ambient temperature and 65° C. 

3 1 . The implant of claim 1 9 wherein the shaped memory polymeric material is 
selected from the group consisting of: polyurethane, poly(ethylene-co-vinyl acetate), 
poly(ethylene-co-propylene), poly(ethylene-co-propylene-co-diene), poly(methacrylate), 
poly(methyl methylacrylate), poly(acrylate), and mixtures, copolymers and blends thereof. 

32. An orthopedic implant comprising a non-biodegradable body formed of a 
shape memory polymeric material and comprising at least one surface adapted to bear against 
bone tissue wherein said body is provided in a first configuration and upon heating to a 
deformation temperature said body deforms to a second configuration. 

33. The implant of claim 32 wherein the body in the first configuration has a first 
external volume and in the second configuration has a second external volume greater than 
the first external volume. 

34. The implant of claim 32 wherein the body in the first configuration has a first 
external volume and the body in the second configuration has a second external volume less 
than the first external volume. 

35. The implant of claim 32 wherein the body defines bone plate. 

36. The implant of claim 32 wherein the body defines bone spacer. 
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37. The implant of claim 32 wherein the body defines a flexible connective 
member. 

38. The implant of claim 32 wherein said body is provided in an original 
configuration. 

39. The implant of claim 32 wherein the body self deforms to said second 
configuration upon implantation. 

40. The implant of claim 32 wherein the deformation temperature is between 
about 38° C and about 65° C. 

41. The implant of claim 32 wherein the deformation temperature is between 
about ambient temperature and 65° C. 

42. The implant of claim 32 wherein said body in said second configuration 
permits articulation between adjacent bone portions, 

. 43. The implant of claim 32 wherein said second configuration matingly conforms 
to a cavity in the bone tissue. 

44. An orthopedic implant for bone tissue said implant comprising body formed of 
a material comprising a shape memory polymer provided to elastically deform at a 
deformation temperature, said body provided in a first configuration selected to facilitate 
implantation and deformable to a second configuration upon heating to a temperature equal to 
or greater than the deformation temperature, said second configuration provided to facilitate 
orthopedic treatment. 

45. The implant of claim 44 wherein the body in the first configuration has a first 
external volume and in the second configuration has a second external volume greater than 
the first external volume. 
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46. The implant of claim 44 wherein the body in the first configuration has a first 
external volume and the body in the second configuration has a second external volume less 
than the first external volume. 

5 47. The implant of claim 44 wherein the body defines a bone spacer. 

48. The implant of claim 44 wherein the body defines bone plate. 

49. The implant of claim 44 wherein the body defines a flexible connective 
10 member. 

50. The implant of claim 49 wherein the body connects the bone tissue to a second 
tissue selected from the group consisting of: bone tissue, ligament tissue, tendon tissue and 
cartilage tissue. 

15 

51. The implant of claim 49 wherein the body is adapted to replace a portion of 
ligament tissue, tendon tissue or cartilage tissue. 

52. The implant of claim 49 wherein the body includes dssue promoting growth 
20 factors. . 

53. The implant of claim 44 wherein the body self deforms to said second 
configuration upon implantation. 

25 54. The implant of claim 44 wherein said body is provided in an original 

configuration. 

55. The implant of claim 44 wherein the deformation temperature is between 
about 38° C and about 65° C. 

30 

56. The implant of claim 44 wherein the deformation temperature is between 
about ambient temperature and 65° C. 
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57. The implant of claim 44 wherein the deformation temperature is below normal 
body temperature. 

5 58. The implant of claim 44 wherein said body in said second configuration 

permits articulation between adjacent bone portions. 

59. The implant of claim 44 wherein said second configuration matingly conforms 
to a cavity in the bone tissue. 

10 

60. A spinal spacer for insertion into a spine, said spacer formed of a material 
including a shape memory polymer and movable between a first configuration and a second 
configuration by action of the shape memory polymer. 

15 * 61. The spacer of claim 60 provided in an original configuration. 

62. The spacer of claim 6 1 wherein the second configuration is substantially 
equivalent to said original configuration. 

20 63. The spacer of claim 60 wherein said second configuration is larger than said 

first configuration. 

64. The spacer of claim 60 inserted into a disc space. 

25 65. The spacer of claim 60 inserted into a vertebral body. 

66. An orthopedic implant comprising a body adapted to contact a vertebral bone 
and said body formed from a non-biodegradable material comprising a shape memory 
polymer and movable between a first configuration and a second configuration by action the 

30 shape memory polymer. 

67. The implant of claim 66 wherein said body defines a spacer. 
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68. The implant of claim 66 wherein said body defines a bone plate. 

69. The implant of claim 66 wherein said body defines a flexible connective 
5 member between the vertebral bone and a second tissue. 

70. The implant of claim 66 wherein the second tissue comprises bone tissue. 

7 1 . The implant of claim 66 wherein the second tissue comprises ligament tissue. 

10 

72. The implant of claim 66 wherein the second tissue comprises tendon tissue. 

73. A method of orthopedic treatment of a bone defect, said method comprising: 
selecting an orthopedic implant comprising a deformable body provided in a first 

15 configuration and formed of a shape memory polymeric material 
contacting said implant to the bone defect; 

stimulating said implant to deform said body to a second configuration. 

74. The method of claim 73 wherein said shape memory polymeric material is 
20 "" provided to Plastically deform at a deformation temperature and wherein said stimulating 

comprises heating said shape memory polymeric material to a temperature equal to or greater 
than the deformation temperature. 

75. The method of claim 73 wherein the implant contacts a bone defect prior to 
25 deformation. 

76. The method of claim 73 wherein the implant deforms prior to contacting the 
bone defect. 

30 77. The method of claim 73 wherein stimulating induces the body to expand. 

78. The method of claim 73 wb^r^n^stiroulatioe induces the body to contract. 
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79. A method of preparing a self-forming orthopedic implant, said method 
comprising: 

fabricating an implant from a shape memory polymeric material, wherein said implant 
comprises a deformable body provided in an original configuration; 
deforming said body to a first configuration; and 

stimulating said body to induce the body to revert to the original configuration or a 
second configuration. 

80. The method of claim 79 wherein the second configuration is substantially 
equivalent thereto to original configuration. 
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